Background
==========

Neural tube defects (NTD) are defined as heterogeneous and complex congenital abnormalities of the central nervous system, including anencephaly, encephaloceles, and spina bifida. The causes of NTD remain unclear, despite extensive medical research. Contributing factors to NTD occurrence are multi-factorial, including interacting complex environmental and genetic elements \[[@b1-amjcaserep-21-e922312]\]. Supporting phenomena for the genetic role in NTD etiology include the NTD familial clustering among first- and second-degree relatives of the affected patient, and the association of NTD with many genetics and chromosomal diseases. Nonetheless, the genetics of NTD are clearly complex \[[@b2-amjcaserep-21-e922312],[@b3-amjcaserep-21-e922312]\]. Genetic studies of multiple NTDs are limited by the small number of affected families and members, the high perinatal death rate, and the NTD patient's low reproduction.

Various environmental risk factors are highly associated with NTD, including, but not limited to, socioeconomic status, occupations such as foods industries, nursing, farming, and use of pesticides, and potential workplace exposures to hazards such as ionizing radiation, viruses, organic solvents, anesthetic agents, and paints \[[@b4-amjcaserep-21-e922312]--[@b6-amjcaserep-21-e922312]\]. Maternal co-morbid conditions such as diabetes and obesity \[[@b7-amjcaserep-21-e922312]\] and hyperthermia during pregnancy are postulated to increase the risk of a fetuses having NTD (odds ratio 1.95) \[[@b8-amjcaserep-21-e922312]\]. The maternal nutritional status is known to alter fetal growth and development, and folic acid supplements during pregnancy are known to reduce the risk of NTD by 50% to 70% \[[@b9-amjcaserep-21-e922312]\].

The coexistence of myelomeningocele and encephalocele is extremely rare and it occurs in less than 1% of NTD cases. \[[@b10-amjcaserep-21-e922312]\]. The combination of these defects has been explained by the multisite neural tube closure theory, which hypothesizes that neural tube closure occurs at multiple sites during the embryogenesis, and failure of closure of these sites will produce NTD \[[@b11-amjcaserep-21-e922312]\].

A recent literature review found 48 reported cases of multiple NTDs in the same patient in the past 50 years \[[@b12-amjcaserep-21-e922312]\]. Among those cases, there were only 5 cases reported as double encephalocele \[[@b12-amjcaserep-21-e922312]--[@b16-amjcaserep-21-e922312]\], and 3 reported cases of both occipital encephalocele with suboccipital or cervicothoracic myelomeningocele \[[@b11-amjcaserep-21-e922312],[@b17-amjcaserep-21-e922312]\]. Here, we report a case of both occipital encephalocele with cervical myelomeningocele, and discuss the multisite theory for neural tube closure.

Case Report
===========

A newborn female infant of a 42-year-old mother and a 61-year-old father was delivered through planned cesarean section due to large occipital encephalocele diagnosed antenatally after full-term pregnancy. The newborn was the last sibling of 5; her 4 brothers were delivered normally without any history of congenital defects. The pregnancy was unplanned and the mother did not take folic acid prior to conception, but she was on regular folic acid supplement during the first 3 months of pregnancy. The mother denied exposure to radiation or heat during pregnancy; she also denied taking anticonvulsant medication. She is not diabetic or obese. Birth weight was 3.41 Kg.

Upon delivery, the newborn was healthy, with an Apgar score of 8. The physical examination revealed 2 large, soft, dark blue-colored pouches; one was over the occiput, and the other swelling was located over the nape of the neck ([Figure 1](#f1-amjcaserep-21-e922312){ref-type="fig"}). There was no clinical evidence of other NTDs along the spinal column.

Magnetic resonance imagining (MRI) demonstrated a large posterior occipital encephalocele measuring 4.1×3.4 cm, with herniation of posterior parts of the occipital lobes and cerebellum through the encephalocele defect ([Figure 2](#f2-amjcaserep-21-e922312){ref-type="fig"}). This occipital encephalocele was accompanied with suboccipital cervical myelomeningocele measuring 5×2.9 cm, and contained the herniated inferior cerebellar vermis, cerebellar tonsils, and upper cervical cord ([Figure 2](#f2-amjcaserep-21-e922312){ref-type="fig"}). MRI of the spinal cord revealed syringomyelia involving the cervicothoracic cord ([Figure 3](#f3-amjcaserep-21-e922312){ref-type="fig"}). The overall findings represent double NTD with Chiari malformation type III. Cerebral CT venography was done prior to surgery to exclude the presence of major venous component within the defect ([Figure 4](#f4-amjcaserep-21-e922312){ref-type="fig"}).

The 2 defects were repaired separately; the encephalocele defect was repaired in the first surgery. During Encephalocele surgery repair, the herniated gliotic cerebellar tissue in the occipital encephalocele was amputated, and the dural defect was closed in a watertight fashion, while the skull defect was closed using flexible titanium mesh. Upper cervical myelomeningocele repair was done 1 week after repair of the occipital encephalocele. During myelomeningocele repair, a minimally vascular dysplastic tissue with intact cerebellar lobes and tonsils was seen in the herniated sac. The dysplastic mass was totally excised and a dura flap was created and closed tightly. The surgical repair of the NTD was uneventful.

One week later, the patient underwent right frontal ventriculo-peritoneal shunt insertion surgery for congenital hydrocephalus. The baby was followed up for 8 months and showed mild developmental delay in motor and cognitive milestones. The surgical site is dry and clean, and head circumference was 40 cm. The baby did not have feeding or breathing difficulties. [Figure 5](#f5-amjcaserep-21-e922312){ref-type="fig"} shows the postoperative brain CT scan.

Discussion
==========

The existence of multiple neural tube defects in one patient has been rarely reported in the literature. The exact worldwide incidence is still unknown \[[@b10-amjcaserep-21-e922312]\]. In this case, we report 2 neural tube defects found in a single patient -- encephalocele and cervical myelomeningocele. The main risk factor for NTD occurrence in this baby was the late supplementation of folic acid during pregnancy. The mother denied exposure to environmental hazards that can increase the risk for NTD; similarly, there was no family history of NTD in the first- or second-degree relatives. Because of the high morbidity and mortality rates of NTD infants, even with surgical and medical care, prevention is essential. In Jordan, preconception folic acid supplementation is the main preventive measure for NTD. Early prenatal diagnosis and termination is currently legally accepted. Unfortunately, fortification of staple food is not mandatory in Jordan.

The most popular theory explaining neural tube defects formation is the multisite neural tube closure theory \[[@b11-amjcaserep-21-e922312]\], which hypothesizes that there are 5 sites of closure of the neural tube during embryogenesis, and any failure of closure at any site will produce an NTD at that site \[[@b12-amjcaserep-21-e922312]\].

Another theory of formation of NTDs is the "single-site" theory, which hypothesizes that the closure starts as a "zipper" at the midcervical region and progresses bidirectional to the most caudal and rostral site.

Although the number of published cases on multiple NTDs is limited, the occurrence of some cases of multiple NTD along the longitudinal axis supports the multisite hypothesis. The single-site theory fails to explain these multiple NTDs, as it postulates that the NTD should be at the most rostral and caudal ends, which was not seen in these cases \[[@b12-amjcaserep-21-e922312],[@b13-amjcaserep-21-e922312]\].

The timing of NTD surgical repair is controversial \[[@b14-amjcaserep-21-e922312]\]. However, early closure of the myelomeningocele provides a better prognosis for neurogenic bladder in children, and prevents CSF infection and further neurological deterioration \[[@b15-amjcaserep-21-e922312],[@b16-amjcaserep-21-e922312]\]. The prognosis of surgically treated occipital encephalocele depends on the presence of brain tissue in the lesion. Usually the herniated parts of the brain through the encephalocele defect are non-viable cerebral tissue, and excision of this herniated part would not result in new neurological deficits.

There is no consensus on whether to repair multiple NTDs in one surgery or to do it in multiple surgeries; similarly, there is no consensus on which NTD to operate on first in cases of multiple NTDs. We preferred multiple surgeries for this newborn to reduce the risks of prolonged surgery and blood loss in this fragile patient. In cases of multiple NTDs, we propose to start closure of the ruptured, larger, or most cranial NTD. Closure of multiple NTD in the same surgery increases the risk of surgical morbidities. Hydrocephalus is usually present in newborn with multiple NTDs. The baby in the present report underwent VP shunting following repair of the NTDs, as his hydrocephalic symptoms and signs developed following NTD repair.

In this report, we present a case of both cervical myelomeningocele and occipital encephalocele in the same patient. The radiological finding showed Chiari malformation type III. Though the surgical repair of these NTDs was uneventful, we believe that the overall prognosis of patients with Chiari malformation type III is poor due to respiratory failure \[[@b18-amjcaserep-21-e922312],[@b19-amjcaserep-21-e922312]\].

Conclusions
===========

The current report of multiple NTD in the same newborn supports the multisite closure theory of the neural tube. Early repair, either as single or multiple procedures, is mandatory to avoid the complications related to these defects.
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![Photograph of the newborn showing 2 large, soft, dark blue-colored pouches; one was over the occiput, and the other swelling was located over the nape of the neck.](amjcaserep-21-e922312-g001){#f1-amjcaserep-21-e922312}

![Brain MRI, T1-weighted image, sagittal view showing large posterior occipital encephalocele measuring 4.1×3.4 cm (arrow) with herniation of posterior parts of occipital lobes and cerebellum through the encephalocele defect associated with cervical myelomeningocele measuring 5×2.9 cm (arrow head) containing the herniated inferior cerebellar vermis, cerebellar tonsils, and upper cervical cord.](amjcaserep-21-e922312-g002){#f2-amjcaserep-21-e922312}

![Whole-spine MRI, T2-weighted image, sagittal view showing Chiari III malformation (arrow head) and cervicothoracic syringomyelia (arrow).](amjcaserep-21-e922312-g003){#f3-amjcaserep-21-e922312}

![(**A--C**) Cerebral CT venography demonstrating the absence of a major venous component within the defect.](amjcaserep-21-e922312-g004){#f4-amjcaserep-21-e922312}

![(**A, B**) Showing axial and sagittal postoperative brain CT scan, respectively.](amjcaserep-21-e922312-g005){#f5-amjcaserep-21-e922312}
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